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ABSTRACT
We performed millimeter observations in CO lines toward the supernova rem-
nant (SNR) G127.1+0.5. We found a molecular filament at 4–13 km s−1 con-
sisting of two distinct parts: a straight part coming out of the remnant region
and a curved part in the remnant region. The curved part is coincides well with
the bright SNR shell detected in 1420 MHz radio continuum and mid-infrared
observations in the northeastern region. In addition, redshifted line wing broad-
ening is found only in the curved part of the molecular filament, which indicates
a physical interaction. These provide strong evidences, for the first time, to con-
firm the association between an SNR and a pre-existing long molecular filament.
Multi-band observations in the northeastern remnant shell could be explained
by the interaction between the remnant shock and the dense molecular filament.
RADEX radiative transfer modeling of the quiet and shocked components yield
physical conditions consistent with the passage of a non-dissociative J-type shock.
We argue that the curved part of the filament is fully engulfed by the remnant’s
forward shock. A spatial correlation between aggregated young stellar objects
(YSOs) and the adjacent molecular filament close to the SNR is also found, which
could be related to the progenitor’s activity.
Subject headings: ISM: individual objects (G127.1+0.5)–ISM: molecules–ISM:
supernova remnants
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1. Introduction
Core-collapse supernovae are thought to be commonly located in the vicinity of
molecular clouds (MCs), due to their short lifetime after being born in giant MCs.
Therefore, the subsequent supernova remnants (SNRs) may encounter these MCs in their
evolution. In practice, it is difficult to confirm such interactions, because of the presence
of extreme spectral and spatial complexities in studying the widespread molecular gases
in the galactic plane where most SNRs are found. To date, there are only 34 SNRs
(∼12% of known SNRs in our Galaxy, in contrast to about half of them indicated by
Reynoso & Mangum 2001) confirmed to be interacting with MCs, and most of them were
found through the detection of 1720 MHz OH masers (catalogued by Jiang et al. 2010, see
references therein). The shock-excited 1720 MHz OH maser is a signpost for SNR–MC
interaction, but it is only available in particular physical conditions, i.e., in a moderate
non-dissociative C-type shock (Wardle & Yusef-Zadeh 2002). Since MCs are in different
evolutionary stages, with different physical conditions at different positions within it, there
should be various kinds of interactions between SNRs and MCs. It is important to study
different kinds of interactions to figure out the role of SNRs in their parent MCs’ evolutions,
e.g., triggering the next generation of star formations.
SNR G127.1+0.5 has been identified as a shell-type SNR by Caswell (1977) and
Pauls (1977). Together with the central compact sources, they have been studied in many
wavelengths: radio (Salter et al. 1978; Pauls et al. 1982; Fuerst et al. 1984; Joncas et al.
1989; Leahy & Tian 2006; Sun et al. 2007), optical (Xilouris et al. 1993), and X-ray
(Kaplan et al. 2004). Its radio feature, which has been studied very well, shows a fairly
circular shell peaked in north–northeast with the polarization B-vectors following the shell
(Sun et al. 2007), and a spectral index of 0.43±0.1 (Leahy & Tian 2006). Diffuse optical
emission in the SNR has been detected (Xilouris et al. 1993), but no diffuse X-ray emission
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was found either by Chandra observation toward the central region (Kaplan et al. 2004)
or by the ROSAT all-sky survey (Leahy & Tian 2006). No instantly associated neutron
star has been detected in the SNR (Kaplan et al. 2004). The distance to the SNR is not
clear either; the distance is mostly based on the SNR’s assumed association with the open
cluster NGC 559, which coincides in position with the SNR in previous works, hence the
basic evolutionary facts of the SNR are still uncertain. Nevertheless, previous studies have
revealed the possibility of an SNR–MC interaction. If such an association is established, we
could better understand not only this particular SNR but also a different kind of SNR–MC
interaction, i.e., without the detection of a 1720 MHz OH maser. In this work, we present
our CO line observations toward the SNR G127.1+0.5. We describe the observations and
results in Sections 2 and 3, respectively. In Section 4, we discuss the interpretation and
derive the characteristic parameters of the SNR–MC interaction and SNR evolution. The
conclusions are summarized in Section 5.
2. Observations
The observations of millimeter molecular emissions toward SNR G127.1+0.5 is part
of the Milky Way Scroll Painting–CO line survey project1 operated by Purple Mountain
Observatory (PMO), which were made from 2011 November to 2012 February with the
13.7 m millimeter-wavelength telescope of the Qinghai station of PMO at Delingha.2 A
superconductor–insulator–superconductor (SIS) superconducting receiver with a nine-beam
array was used as the front end (Shan et al. 2012). Three CO lines were simultaneously
1http://www.radioast.nsdc.cn/yhhjindex.php
2 Status Report on the 13.7 m Millimeter-Wave Telescope for the 2011-2012 Observing
Season is available at http://www.radioast.csdb.cn/zhuangtaibaogao.php
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observed, 12CO (J=1–0) at upper sideband (USB) and two other lines, 13CO (J=1–0) and
C18O (J=1–0), at the lower sideband (LSB). Typical system temperatures were around 210
K for USB and around 130 K for LSB, and the variations among different beams are less
than 15%. The total of pointing and tracking errors is about 5′′. The half-power beam
width (HPBW) is 52′′. The main-beam efficiencies during the observing epoch were ∼44%
for USB with the differences among the beams less than 16%, and ∼48% for LSB with the
differences less than 6%. We mapped a 100′ × 100′ area that contains the full extent of
SNR G127.1+0.5 via on-the-fly (OTF) observing mode, and the data is meshed with the
grid spacing of 30′′. A Fast Fourier Transform (FFT) spectrometer with a total bandwidth
of 1000 MHz and 16,384 channels was used as the back end. The corresponding spectral
resolutions were 0.17 km s−1 for 12CO (J=1–0) and 0.16 km s−1 for both 13CO (J=1–0)
and C18O (J=1–0). The baseline subtraction was performed with a linear fit. The average
rms noises of all final spectra are about 0.5 K for 12CO (J=1–0) and about 0.3 K for 13CO
(J=1–0) and C18O (J=1–0). All data were reduced using the GILDAS/CLASS package.3
The 1420 MHz radio continuum emission data were obtained from the Canadian
Galactic Plane Survey (CGPS; Taylor et al. 2003). The infrared (IR) photometric data
were extracted from the Two-Micron All Sky Survey (2MASS; Skrutskie et al. 2006) and
the survey of the Wide-field Infrared Survey Explorer (WISE; Wright et al. 2010). The
2MASS survey provides data in the near-IR JHKS bands with a 10σ point-source detection
level better than 15.8, 15.1, and 14.3 mag, respectively. WISE achieved 5σ point source
sensitivities better than 0.08, 0.11, 1, and 6 mJy at 3.4, 4.6, 12, and 22µm, respectively.
The angular resolutions are 6′′.1, 6′′.4, 6′′.5, and 12′′.0 in the four WISE bands, respectively.
We used 2MASS HKs bands and the first three WISE bands for point source analysis, and
selected the point source with photometric error less than 0.1 mag for 2MASS data and
3http://www.iram.fr/IRAMFR/GILDAS
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signal-to-noise ratio greater than 5 for WISE data.
3. Results
Figure 1 shows the 12CO and 13CO intensity maps over the velocity range of 4–13 km s−1
with an interval of 1 km s−1. No significant C18O emission was detected over any region.
There is a short 12CO filament in the northeastern region, with some corresponding 13CO
emissions. Some diffuse 12CO emissions are also visible in the northwestern region, but
there is no corresponding significant 13CO emission detected. The prominent feature is a
long filament that extends from the bottom-left corner to the central region. In comparison
with the 1420 MHz continuum emission, we can divide the filament into two parts: a part
coming out of the remnant region and a part in the remnant region. The filament coming
out of the remnant region is only present at velocities less than ∼10 km s−1, and it is
straight over all the velocities. The filament in the remnant region is visible over all the
velocities, and it is only straight at velocities less than ∼6 km s−1. At higher velocities,
the filament is curved and coincident with the bright radio shell of the remnant. At the
velocities over ∼10 km s−1, we could only see the most curved part of the filament, which is
at the position of the radio peak. The 13CO emission of the long filament is mainly present
at low velocities. There is no prominent 13CO emission in the curved part.
In the integrated intensity map of 12CO in the velocity range of 6–7 km s−1, we could
clearly see the long filament with the straight part coming out of the remnant region and
the curved part in the remnant region, indicated by the blue and red arrows, respectively
(Figure 2). We found a compact broad redshifted CO wing that is only present in the
curved part of the filament around (l,b)=(127.4, 0.7), where the radio continuum shows
a shell peak (see Figure 2). This redshifted component is clearly visible in the 12CO
(J=1–0) spectrum from the curved part of the filament (Figure 3). These are strong
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Fig. 1.— 12CO (J=1–0) (upper) and 13CO (J=1–0) (lower) emission maps integrated over
each 1 km s−1, overlaid with contours of CGPS 1420 MHz radio continuum emission. The
contour levels are 5.9, 6.9, and 8.8 K. Central velocities are indicated in each panel, and the
minimum value of each map is 5σ.
– 8 –
Fig. 2.— Left: integrated intensity map of 12CO (J=1–0) emission in the velocity range
of 6–7 km s−1, overlaid with the same 1420 MHz radio continuum contours as in Figure 1.
The blue and red arrows indicate the straight and curved parts of the filament, which are
out of the remnant and in the remnant, respectively. Right: position-velocity map of 12CO
(J=1–0) emission integrated over the strip region indicated by the arrows in the left panel,
superposed with the intensity contours from 1σ (0.53 K) to 5σ in steps of 1σ. The blue and
red arrows correspond to that in the left panel.
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Fig. 3.— Average 12CO (J=1–0) and 13CO (J=1–0) spectra over the straight (left) and
curved (right) parts of the filament, which are indicated by the blue and red arrows, re-
spectively, in Figure 2. The 13CO (J=1–0) spectra have been multiplied by 5 for a better
visibility. The spectra are fitted by two Gaussian components, except for the 12CO (J=1–0)
spectrum of the curved part, which is fitted by three Gaussian components. The fitting
results are shown by the black dashed lines (see the fitted parameters in Table 1).
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evidences of the interaction between the SNR and the filament. Because of the compression
and amplification of the magnetic field in such interaction, the radio peak can also be
explained. Such extensive CO wings have also been found in other SNRs, for example,
SNR W28 (Arikawa et al. 1999; Reach et al. 2005) and SNR IC 443 (Dickman et al. 1992;
Wang & Scoville 1992; Seta et al. 1998; Snell et al. 2005). However, in W28 and IC 443,
the CO wings are very intense, and the velocity span could be over ∼50 km s−1. It may
indicate different amounts of shocked molecular gas (see Section 4.1 for further discussion).
The position–velocity map along the whole filament shows some velocity distortions,
with a velocity shift of ∼1 km s−1. Similar velocity distortions have been found in other
filamentary molecular clouds (e.g., Bally et al. 1987; Kirk et al. 2013; Zhang et al. 2014),
which are probably common and may indicate a helical magnetic field in the filament
(Falgarone et al. 2001). However, the situation is more complicated in the curved part of
the filament, which contains both a broad redshifted wing around the most curved part and
highly blueshifted bumps (∼2 km s−1) around the conjunction point between the straight
part and the curved part. It suggests that such a velocity distortion could be enhanced by
the impact of an SNR shock; in particular, the velocity shift will be enlarged by a shock
propagating along the filament.
We did not find any morphological correlations for the other velocity components
other than the ∼5 km s−1 one in our observations. In the velocity range of −10–20 km s−1,
there are two components, one is at ∼2 km s−1 and the other is at ∼5 km s−1 (see the
left panel of Figure 3). Both of these components are probably located in the local arm,
but are from different subscale structures. Note that the local standard of rest (LSR)
velocity of the Perseus arm is around −50 km s−1 in this direction (Dame et al. 2001), and
the distance is about 2 kpc (Xu et al. 2006; Hachisuka et al. 2006). However, for a source
at the LSR velocity of −50 km s−1, the kinematic distance is about 5 kpc by applying
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Table 1: Fitted Parameters of Thermal Molecular Lines for the Shocked Filament
Region Line Peak Tmb Center VLSR FWHM
(K) (km s−1) ( km s−1)
Straight filament 12CO (J=1–0) 1.87±0.02 5.93±0.03 3.90±0.06
13CO (J=1–0) 0.124±0.009 5.54±0.11 3.3±0.3
Curved filament (rest) 12CO (J=1–0) 1.05±0.11 4.8±0.7 4.60±0.61
13CO (J=1–0) 0.10±0.02 4.4±0.2 2.1±0.5
Curved filament (redshifted) 12CO (J=1–0) 0.29±0.02 8.11±0.21 6.0±0.5
13CO (J=1–0) 0±0.03a - -
Derived parametersb
Region Tex τ(
13CO) N(H2)
c Mc Mvir
d
(K) (1020 cm−2) (M⊙) (M⊙)
Straight filament 5.0 0.07 2.9 (14) 1.6×102d21 (7.8×10
2 d21)
e 1.5×104d1
e
Curved filament (rest) 4.0 0.1 2.0 (9.3) 70 d21 (3.2×10
2 d21)
e 1.3×104d1
e
Curved filament (redshifted)f ... ... – (3.3) – (1.1×102 d21)
e 2.2×104d1
e
aNo 13CO emission visible, the error is the rms of the spectrum.
bIn the assumptions of local thermal equilibrium (LTE) and optically thick for 12CO emission. Filling factor
is assumed to be 1, since the width of the filament is much larger than the beam size.
cDerived from 13CO column density by assuming the 13CO abundance of 1.4×10−6 (Ripple et al. 2013), for
comparison, we also show the values in the brackets, which are estimated by using the conversion factor
N(H
2
)/W(
12
CO) ≃ 1.8× 1020 cm−2 K−1 km−1 s (Dame et al. 2001).
dCalculated by C × k2 × L×∆v
2, where k2 is 105 (MacLaren et al. 1988), C = 0.65 is the correction factor
for filament-shape cloud, L is the length of the filament, and ∆v is the velocity width (FWHM).
ed1=d/(1 kpc), where d is the distance of SNR G127.1+0.5 (see Section 4.2).
fThe assumption of optically thick for 12CO emission is not valid here.
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the rotation curve of Brand & Blitz (1993) together with the galactocentric distance of
8.0 kpc (Reid 1993) and the circular rotation speed of 220 km s−1. The reason for such
discrepancy is the anomalous motion in this portion of the Perseus arm, which could be as
large as 22 km s−1(Xu et al. 2006). Considering this peculiar motion, the velocity difference
is still too large to place the velocity component at ∼5 km s−1 in the Perseus arm. The
LSR velocity in the local arm is around 0 km s−1, and the maximum systematic velocity
is ∼2 km s−1 (Brand & Blitz 1993), which is smaller than 5 km s−1. If we consider the
contribution of an expanding shell near our solar system, which is known as the Gould
Belt/Lindblad Ring, the ∼5 km s−1 systematic velocity could be understood; accordingly,
the distance to this component would be about 300 pc (Bally 2008, and references therein).
Alternatively, for such a small velocity difference, it could also be accounted for by random
cloud motion. In this case, we could use half the distance to the Perseus arm, about 1 kpc,
as a maximum.
13CO (J=1–0) emissions are prominent for these two velocity components, with their
line centers consistent with that of 12CO (J=1–0) emission, while the 12CO emission from
the curved part of the filament is broadened in the redwing (see the right panel of Figure 3),
and there is no corresponding 13CO emission detected for the broadened redwing. In fact,
the peak of the 12CO emission is also shifted a little relative to the peak of the 13CO emission
in addition to the red-wing broadening. Considering that the absence of corresponding
13CO emission contributes most of the uncertainty in our spectral analysis, we used only
one component to fit the 12CO redshifted component. The upper limit of the peak Tmb
for the 13CO emission of the redshifted component is 0.03 K and the upper limit of full
width at half maximum (FWHM) is 6.0 km s−1, which are the rms of the spectrum and the
FWHM of the corresponding 12CO component, respectively. Except for the 12CO (J=1–0)
spectrum from the curved part of the filament fitted by the three Gaussian components, we
used two Gaussian components to fit all other spectra (see the fitting results in Figure 3).
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The fitted and derived parameters are listed in Table 1.
We used two methods to estimate the H2 column density and the molecular mass.
In the first method, we assumed local thermodynamical equilibrium (LTE) for the gas
and optically thick conditions for the 12CO (J=1–0) line and used the 13CO abundance of
1.4×10−6 (Ripple et al. 2013). For comparison, we also estimated the H2 column density by
applying the conversion factor N(H2)/W(
12CO) ≃ 1.8× 1020 cm−2 K−1 km−1 s (Dame et al.
2001). The differences between the H2 column densities derived by the two methods are
partly caused by the small filling factors of the 13CO emission, since there are less 13CO
emissions than 12CO emissions in the filament. The effect is not significant, however,
because the H2 column density will not change much in the case of a small filling factor.
Applying the possible filling factor of 13CO emission of 0.15, which is the ratio of the
number of points with bright 12CO emission and the number of points with bright 13CO
emission, the H2 column density of the straight part of the filament becomes 3.7×10
20 cm−2.
The derived molecular gas masses for the filament are all about two orders lower than the
virial masses, indicating that the filamentary molecular cloud is not confined by gravity
(maybe by magnetic field; Contreras et al. 2013).
4. Discussion
4.1. Physical Conditions of the Molecular Gas
According to the fitted parameters of the molecular filament (see Table 1), we ran the
RADEX radiative transfer code (van der Tak et al. 2007) with the LAMDA molecular data
files (Scho¨ier et al. 2005) to simultaneously model the 12CO (J=1–0) and 13CO (J=1–0)
line emissions. The two molecular lines are sensitive to different physical parameters,
hence the joint modeling could help constrain the physical state of the molecular gas.
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Fig. 4.— Physical parameters derived from the fitted 12CO (J=1–0) and 13CO (J=1–0) line
profiles, according to the RADEX radiative transfer modeling. Triangles denote the results
for the ∼5 km s−1 rest velocity component of the straight part of the filament, squares for the
∼5 km s−1 rest velocity component of the curved filament, and circles for the shifted broad
velocity component of the curved filament. The lower limits are shown by filled symbols.
All symbols are labeled by the H2 column densities in units of 10
20 cm−2. In the calculation,
we assume the isotopic abundance of 12CO/13CO=70 (Milam et al. 2005).
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In the modeling, we chose the slab option in RADEX to mimic the geometries of the
shocked and filament-shaped molecular clouds, and assumed a 13CO abundance of 1.4×10−6
(Ripple et al. 2013) and an isotopic abundance of 12CO/13CO=70 (Milam et al. 2005). In
running RADEX, we set the collisional partner to be H2 and set the temperature of the
background radiation to be the cosmic microwave background (CMB) temperature, that is,
2.73 K. We explored the physical parameter space over excitation temperature and density
to find the best-fit model and then calculated 90% confidence intervals on the best-fit
parameters by applying the χ-squared statistics. We estimated the best-fit results using
different plausible column densities; however, we could only get the lower limits for some of
them. Figure 4 shows the best-fit parameters and their confidence intervals.
We could distinguish two kinds of molecular gases in Figure 4: one is cold and dense
from the straight molecular filament and the rest component toward the curved molecular
filament, which is consistent with quiet molecular clouds; the other is hot and about two
orders of magnitude denser from the redshifted component toward the curved filament,
which is consistent with a shocked molecular cloud.
The fitting results of quiet molecular gases for the column densities lower than
1021 cm−2 only give lower limits of number densities. Then, the lengths in the line of sight
(LoS) could be derived as N(H2)/n< 0.2 pc, which is too small compared to the width of
the filament (∼2d1 pc). Further, the corresponding lengths in the LoS are ∼1 pc, which is
consistent with the width of the straight filament. These column densities are consistent
with those derived from the assumptions of LTE and 12CO (J=1–0) optically thick and
from the using the conversion factor (see Table 1).
The best-fit result for the redshifted component gives a density of ∼6×104 cm−3 and
a temperature of ∼1000 K with the column density of 3 × 1020 cm−2. Note that, for the
redshifted component, the optical depth of the 12CO (J=1–0) line emission is not large,
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because of the large velocity gradient (broadened line) and non-detection of corresponding
13CO (J=1–0) line emission, so the temperature could not be constrained well here. Besides,
the molecular data are not enough to handle temperatures higher than 500 K in running
RADEX. In our fitting result, the temperature ranges from a hundred to over a thousand
Kelvin. Considering the non-detection of OH (1720 MHz) line emission (Frail et al. 1996),
the temperature is probably higher than 125 K (Wardle & Yusef-Zadeh 2002). However, the
missing OH (1720 MHz) line emission may also indicate a low column density like that in a
J-type shock. In the case of weakly magnetized shock, i.e., a J-type shock, we can derive
the post-shock temperature as ζµ¯mHv
2
cloud
/kB, where ζ = 3/16 for a large Mach number,
µ¯ = 2.33 is the average atomic weight (Lesaffre et al. 2013), mH is the mass of the hydrogen
atom, vcloud is the velocity of the shock in the filament, and kB is Boltzmann constant.
The molecular shock velocity is vcloud = 4vshift/3 ∼ 5 km s
−1, where vshift is the velocity
of post-shock molecular gas. Hence, the calculated post-shock temperature is ∼1300 K,
which is consistent with the best-fit result. If the shock is highly magnetized, i.e., a C-type
shock, the post-shock temperature would be much smaller than that in a J-type shock,
because the heating is spread out over a much larger region, especially for a slow shock
(Lesaffre et al. 2013). Therefore, the molecular gas is probably heated and compressed by a
non-dissociative J-type shock, but the existence of a C-type shock cannot be excluded.
Adopting the best-fit column density and the number density of the redshifted
component, we have the length in the LoS of l ∼ 1.6 × 10−3 pc, which is about three
orders of magnitudes less than the width of the straight filament. Since the thickness of
shocked molecular gas (represented by s) is less than the length in the LoS (s . l), which
is very small, the shocked molecular gas is probably in a very thin sheet. We consider
that all shocked molecular gas is compressed into this thin sheet, which is reasonable
for the slow shock. Therefore, the thickness of the corresponding unshocked gas is
s0 = s × nshock/ncloud . l × nshock/ncloud ∼ 0.32 pc, where nshock is the density of shocked
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molecular gas, and ncloud is the density of quiet molecular gas, which is approximately
one-sixth of the width of the straight filament. The time for the shock to pass through such
a distance is tcloud = s0/vcloud . 6 × 10
4 yr. Applying the column density of 3×1020 cm−2,
we obtain the mass of the shocked molecular gas to be 100d1
2 M⊙ and the kinematic energy
of ∼1.6×1046d1
2 erg which provides a lower limit for the SNR energy.
The amount of shocked molecular gas is remarkably less than that in W28 and IC 443.
In W28, there are ∼2×103 M⊙ shocked molecular gases, with the total kinetic energy of
∼3×1048 erg (Arikawa et al. 1999). In IC 443, there are 500–2000 M⊙ shocked molecular
gases, with a possible total kinetic energy of ∼3–13×1048 erg (Dickman et al. 1992). Both
W28 and IC 443 are interacting with large MCs (∼4×103 M⊙ for W28, Arikawa et al. 1999;
∼1×104 M⊙ for IC 443, Cornett et al. 1977), and their shock fronts are blocked by the
surrounding MCs. The case is different in G127.1+0.5, which is interacting with a part
of a small filamentary MC that could be engulfed in the remnant. The overall densities
and temperatures of quiet molecular gases associated with W28 (∼103 cm−3 and ∼20 K,
respectively; Arikawa et al. 1999) and G127.1+0.5 are similar. However, the detailed
structures of the associated MCs may be very different. The properties of their shocked
molecular gases are found to be different, taking into account that W28 is associated with
1720 MHz OH masers (Claussen et al. 1997) and G127.1+0.5 is not. The origin of this
difference is not clear. It needs more observations for further investigation.
4.2. Nature of SNR G127.1+0.5
Both morphological correspondence and dynamical evidence indicate an association
between SNR G127.1+0.5 and the molecular filament. We also examined the Hi 21 cm line
emission data from CGPS, and found no absorption feature toward the remnant, which
is consistent with the location of the molecular filament at the far side of the remnant
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(red-wing broadening). This association facilitates us to determine the kinematic distance
to the remnant. As shown above, the molecular filament is in the local arm, so is the
remnant. If the molecular filament is in the Gould Belt/Lindblad Ring, the distance of
the SNR is d ∼ 300 pc, and the radius is rs ∼ 2.3 pc. Moreover, the detection of optical
emission probably enhances our results of shock–cloud interaction and the close distance;
however, the overlapping of the open cluster NGC 559 and the nearby northeastern Hii
region prohibit a detailed morphological study (Xilouris et al. 1993). The distance to the
open cluster NGC 559 is ∼1.3 kpc (Rose & Hintz 2007), and there is an Hi bubble at
−14 km s−1 surrounding it, of which the kinematic distance is consistent with that of
NGC 559 (Leahy & Tian 2006). Based on our observations, there is also a CO cloud at
∼−13 km s−1, but with a smaller extension than Hi cloud, which is probably the molecular
counterpart of Hi gas. The bubble structure shown in Hi emission cannot be distinguished
in our CO observations, which might be due to the limited sensitivity. The distance to the
NGC 559 and Hi bubble system is about half the distance to the Perseus arm. It shows that
the local arm in this direction could be quite extended. We cannot exclude the association
of the SNR with NGC 559 as well as with the Hi bubble, although we have not found any
Hi absorption feature toward the remnant. If they are associated, the distance of the SNR
is d ∼ 1.3 kpc, and the radius is rs ∼ 10 pc.
There are radio emissions beyond the filament in the northeastern region, which may
be caused by a projection effect. In an extreme case, if the filament is located at the
boundary of the remnant, the velocities between the forward shock and the molecular shock
should be similar, since the two shocks have passed through about the same distance in
the same time (tcloud . 6 × 10
4 yr as shown above). Consequently, the density contrast is
χ = ncloud/n0 ∼ βv
2
s /v
2
cloud
∼ 1, where n0 is the density of the circumstellar or interstellar
medium (CSM/ISM), vs is the forward shock velocity, and the constant β is adopted as
unity (McKee & Cowie 1975; Orlando et al. 2005). If the density of the CSM/ISM is
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actually as large as ncloud (∼300 cm
−3), the accumulated gas swept up by the remnant
shock will form a massive shell of about 2.8×104 M⊙, which is much larger than the
mass of the filament. We have not found such a shell in our observations. On the other
hand, if the radial direction is approximately perpendicular to the LoS, the forward shock
should have been surrounding the filament after the encounter, and the forward shock will
propagate about 10d1 times farther away than the molecular shock after the encounter.
Therefore, its velocity is also about 10d1 times larger than the molecular shock, which
is ∼50d1 km s
−1. In this case, the density contrast is χ ∼ 50d1, and the density of the
CSM/ISM is n0 = ncloud/χ ∼ 6d1
−1 cm−3, which is more reasonable. Therefore, the velocity
of the forward shock is probably vs ∼ 50d1 km s
−1, and the corresponding post-shock
temperature is ∼105 K. The age of the remnant is greater than tcloud, which is . 8× 10
4 yr.
It is not well constrained yet, but this still indicates that the remnant is relatively old
compared to a young SNR, e.g., SNR W49B (Zhou et al. 2011).
The low post-shock temperature indicates that the remnant is in the radiative
phase, which is also confirmed by the non-detection of X-ray emission in ROSAT
All-Sky survey data. The age of the remnant in the radiative phase can be estimated as
t = 2rs/(7vs) ∼ 4.3 × 10
4 yr (McKee & Ostriker 1977), and the result is consistent with
that shown above. Based on the numerical solutions and analytical fitting for an SNR in
the pressure-driven snowplough phase by Cioffi et al. (1988), the explosion energy could be
obtained as:
E = 6.8× 1043n0
1.16(
vs
1 km s−1
)1.35(
rs
1 pc
)3.16ζ0.161
m
erg ∼ 6.8× 1049d3.35
1
erg, (1)
where ζm = Z/Z⊙ is the metallicity parameter, which is set to 1. The explosion energy,
1.6×1050 erg, derived by applying the distance of 1.3 kpc, is lower than the nominal
value (1051 erg), and it is 1.2×1048 erg if the distance is 300 pc, which is probably too
small. It may support the large distance of the remnant. Evidences of such sub-energetic
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supernova explosion have been found in other SNRs, e.g., SNR DA530 (Jiang et al. 2007),
SNR 3C 58 (Rudie & Fesen 2007), and SNR G310.6-1.6 (Renaud et al. 2010), which could
originate from the core-collapse supernova explosion of relatively low mass (∼8–10 M⊙)
stars (Nomoto 1987).
4.3. Possible Associated Star Formation
Fig. 5.— Image of the 12 µm emission observed by WISE, overlaid with the contours of the
1420 MHz radio continuum emission (black; the same as in Figure 1) and the 12CO (J=1–0)
emission in the velocity range of −60 to −35 km s−1(green). The positions of young stellar
objects (YSOs) in the SNR region are labeled, with type Class I in blue and type Class II in
red. The stars denote the YSOs selected from the first three bands of WISE all-sky survey
data, and the triangles those from the first two bands of WISE data and the H and Ks bands
of 2MASS all-sky survey data. The 12CO emission contours are 5σ and 10σ, where the rms
is 6.65 K kms−1.
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There is corresponding mid-IR emission from the curved filament, but no mid-IR
emission is seen from the straight filament (see Figure 5). These mid-IR emissions probably
originate from the hot dust that is heated by the remnant shock. There is also mid-IR
emission in the northeastern region outside the remnant, which may originate from the hot
dust related to the nearby Hii region G127.5+1.1 (Fich & Terebey 1996).
Using the IR data we selected the young stellar objects (YSOs) to investigate their
spatial distribution. In our examination, we only focus on the disk-bearing young stars,
since their IR colors are distinctly different from those of diskless objects. We cannot
distinguish diskless young stars from unrelated field objects based on IR colors alone.
Following the criteria described in Koenig et al. (2012), we selected candidate disk-bearing
young stars, where the contaminations from extragalactic sources (star-forming galaxy and
active galactic nucleus), shock emission blobs, and polycyclic aromatic hydrocarbon (PAH)
emission objects were removed based on their locations in the [3.4]−[4.6] versus [4.6]−[12]
color–color diagram and their WISE photometry. For the sources that are not detected in
the WISE [12] band, we constructed the Ks−[3.4] versus [3.4]−[4.6] color–color diagram
based on their dereddened photometry in the WISE [3.4] and [4.6] bands, in combination
with the dereddened 2MASS Ks photometry. To deredden the photometry, we estimated
the extinction by their locations in the J−H versus H−Ks color–color diagram as described
in Fang et al. (2013).
We found that the majority of aggregated YSOs are coincident with the MCs at
∼−50 km s−1 that are located in the Perseus spiral arm at a distance of ∼2 kpc (Xu et al.
2006), except that a cluster of YSOs at (l ∼ 127◦.5, b ∼ 0◦.93) shows no morphological
correlation with the velocity component at ∼−50 km s−1, and no association to the mid-IR
emission either. Instead, this cluster of YSOs is located at the top end of the northeastern
molecular filament at ∼5 km s−1 (see Figure 1). There is no morphological correlation found
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quiescent gas
forward shock
molecular shock
shocked molecular 
gas (redshifted)
Fig. 6.— Schematic view of SNR G127.1+0.5 based on our 12CO (J=1–0) and 13CO (J=1–
0) observations. The red star denotes the position of the assembled YSOs (see Figure 5).
The dotted line denotes the possible border of the progenitor’s stellar wind.
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between the cluster of YSOs and other velocity components. It suggests a star-forming
activity at the top end of the northeastern molecular filament close to the SNR. Since the
shock of the remnant does not reach yet here, the star-forming activity cannot be related
to the remnant shock. Nevertheless, the stellar wind of the progenitor of the remnant could
trigger star formation here (see Figure 6). The lack of mid-IR emission as well as 13CO
emission around the YSOs may indicate that the diffuse tenuous gas was evacuated by the
stellar wind that triggered the collapse of the dense gas in the meantime.
5. Conclusions
We have performed millimeter observations in CO lines toward SNR G127.1+0.5. We
found a molecular filament at 4–13 km s−1 that consists of two distinct parts: a straight part
coming out of the remnant region and a curved part in the remnant region. The deviation
from virial equilibrium suggests that the filament is not confined by gravity (maybe by
magnetic field). The curved part is well consistent with the bright SNR shell detected in
the 1420 MHz radio continuum and mid-IR observations. Further, redshifted line wing
broadening is also found only in this curved part of the molecular filament, which indicates
a physical interaction. These provide strong evidences, for the first time, to confirm
the association between an SNR and a pre-existing long molecular filament. Multiband
observations in the northeastern remnant shell could be explained by the interactions
between the remnant shock and the dense molecular filament. With the association between
the SNR G127.1+0.5 and the molecular filament at ∼5 km s−1, we could place the SNR in
the Gould Belt/Lindblad Ring and at a kinematic distance of about 300 pc. Alternatively,
there is also another possibility that the molecular filament has a peculiar motion, and
the remnant may be associated with the open cluster NGC 559 and located at a farther
distance of about 1.3 kpc. It is supported by the estimation of explosion energy.
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Radiative transfer modeling of the physical conditions of the molecular gas in the
filament in combination with the assumed columnar-shaped filament yields a column
density of ∼1021 cm−2, a density of ∼300 cm−3, and a temperature of ∼5 K for the
quiet component. For the shocked component in the curved part of the filament, the
physical parameters were found to have a column density of ∼3×1020 cm−2, a density of
∼6×104 cm−3, and a temperature of ∼1000 K. The shocked component probably originates
from the passage of a non-dissociative J-type shock. The interaction details could be well
explained if the curved part of the filament is fully engulfed by the remnant forward shock,
and it indicates a dense CSM/ISM environment surrounding the SNR (∼6d1 cm
−3) and a
low explosion energy (∼6.8×1049d1
3.35 erg). It also suggests that the SNR is in radiative
phase, and the age is estimated to be ∼4.3×104 yr. We also found a spatial correlation
between the aggregated YSOs and the adjacent molecular filament close to the SNR, which
could be triggered by the progenitor’s stellar wind.
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